• ,. band structures of metals.
In the c'ase of semiconductors, however, the detailed relationship of the PES spectra and the band structure is much less well understood, and until now most studies of such materials have focused on the elucidation of their integrated densities 2 3 4 of states, surface states, ' and interactions with metallic, semi-
conducting, or insulating overlayer materials. The interpretation of ARP data for three dimensional solids such as zincblende and rocksalt structure conductors has primarily involved two opposing viewpoints: the one dimensional density of states (ODDOS) approach and the direction transition model (DTM). 6 Grandke, et al. analyzed spectra at 21.2 eV photon energy for PbS using the former approach, and concluded that it explained the features observed; more recently, Thiry, et al. 7 have studied PbSe for variable photon energies, and have shown the viability of the ODDOS approach for mapping bulk bands. On the other 8 hand, Rogers and Fong used the DTM successfully to interpret GaAs (110) 9 photoemission resul ts for hv ~ 8 eV. and Knapp, et aL have reported using the DTM to 16 eV for this material. Because of the relative complexity of the final-state band structure, however, it has until c now been difficult to use ARP data, in an analytical sense, as a probe -2-rather than simply using a theoretical band structure to explain the spectra. In this Communication, we shall present conduction bands for GaAs(llO) , which were derived by a rather simple analysis~ We also present evidence for the ODDOS mechanism at higher photon energies.
The (110) cleavage face of GaAs was chosen for these studies, as its 10-13 valence band structure is well known, and it has been extensively characterized by other methods. Spectra were taken at photon energies up to 28 eV using synchrotron radiation from the SPEAR storage ring at Stanford Synchrotron Radiation Laboratory, using a cylindrical mirror analyzer modified for angle-resolved studies, with an energy resolution of 0.07 eVe The sa~ple was an n-type GaAs(llO) crystal cleaved in situ, and mounted on a manipulator that allowed full polar (8) We have chosen to analyze these spectra by using them to map the allowed final states. The valence bands given by ChelikowskylO were chosen, as his C band BE along theK-X direction was in better agreement with our data than that of Pandey andPhillipsll (PP). Our procedure was essentially as follows. By comparing the PP band structure with a free electron band structure, it was possible as a first approximation to assign a projection of the group velocity along the [110] direction for each of the conduction bands. We note that, for most of the real bands, several free~electron bands will be dominant, one in each segment calculated. By comparing these assignments to the spectra, it was possible to unambiguously assign empirical transition energies to roughly 50% of the transitions. These energies were then used to map the accessible final state bands; finally. these empirical bands were then used to predict the balance of the transitions. All peaks were accounted for in this manner.
Such an approach is iter~tive, and its success depends on starting with a rather good idea of the final-state band structure. We emphasize that our analysis was conservative, and only relatively small adjustments were made in the final-state bands. Where several transitions occurred under a single peak, no empirical energy was incorporated into the conduction band structure unless additional analysis, such as following trends in given initial to final-state transitions, gave a way of making an unambiguous assignment. In a few cases, bands with the proper [110] projection were not observed; this was atiributable either to the photon energy range employed or masking of the associated transition where it was predicted theoretically, unless it was clearly associated with a peak that grew in or out with increasing photon energy. For a very few transitions, which fell in gaps in the spectra, it was necessary to assume that they were disallowed due to cross-section effects; again, such transitions were discarded in all spectra to ensure consistency. Polarization effects were also utilized when- r-x distance.
The final energy uncertainty depends in each case on the nature and shape of the peak involved, but we estimate it at ±0.2 eV in most cases; of course, any errors in the initial state band structure will al~o contribute. i.e., a ODDOS sampling~ 7 We note that Thiry, et al. have obserVed ODDOS behavior in PbSe at hv = 35 eV photon energy and have tentatively interpreted it in this way, using the ODDOS to identify the critical points and map the valence band structure. To test this interpretation for the GaAs case, we have computed the ODDOS for GaAs along rK.X and compared it with our high~energy spectra in Figure 4 . The agreement is excellent, especially when we note that the s to p photoemission cross section ra,tio is very small at these energies, effectively suppressing the more tightly bound bands. Thus, the evidence is strong that a transition occurs between hv = 20 eV and hv = 30 eV from the direct transition mechanism to ODDOS behavior in photoemission from GaAs.
Two caveats are necessary, both of a generic nature and not specific to GaAs. First, a strictly logical approach would require that the direct-transition model be shown incapable of interpreting the highenergy spectra. This would be difficult in general as the final state bands become more numerous at high energies, and it is not possible at this time because we do not have theoretical high-energy bands. It is very unlikely that our high-energy spectra can be reconciled with the DTM. The second caveat is simply that the transition from the DTM to ODDOS behavior with photon energy is not perfectly sharp, and one may expect some evidence. of both at higher and lower energies. It is an obvioll,s, but often neglected, fact that ARP spectra usually contain some spectral area that is not accounted for by the photoemission mechanism that dominates the spectra.
-8-In conclusion, we have shown that it is possible by a simple analysiR to map selected conduction.bands in GaAs using ARP in the photon energy regime where the DTM is valid. For higher photon energies, the ODDOS is se.en to· account for the observed spectral features. It seems likely that such a two regime approach will account for the ARP spectra of other semiconductors as well, and that it should be possible to understand photoemissicin from three dimensional solids in this framework.
• Note that the ODDOS should be broadened and corrected for cross sec.tion effects to allow a direct comparison with experiment .
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